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Water-Quality Units

Chemical concentrations in water are given in units of milligrams per liter (mg/L) or micrograms
per liter (pg/L), which express the mass of solute per unit volume (liter) of water. Milligrams
per liter are equivalent to “parts per million.” Micrograms per liter are equivalent to “parts per
billion.” To calculate water-quality loads, there are 28.32 liters per second (L/s) in a cubic foot
per second (ft¥/s) and 10.32 liters per second per square kilometer (L/s/km?) in a cubic foot per
second per square mile (ft3/s/mi2).
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URL
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Federal Highway Administration

foreign key
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Information Engineering
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Multiple Detection Limit
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U.S. Environmental Protection Agency parameter code
primary key
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regression on order statistics

runoff coefficient (ratio of runoff to precipitation volumes)
Stochastic Empirical Loading and Dilution Model
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Technology Acceptance and Reciprocity Partnership
Total Maximum Daily Load(s)
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Transportation Research Board
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Highway-Runoff Database (HRDB Version 1.0): A Data
Warehouse and Preprocessor for the Stochastic Empirical

Loading and Dilution Model

By Gregory E. Granato and Patricia A. Cazenas

Abstract

The highway-runoff database (HRDB) was developed by
the U.S. Geological Survey, in cooperation with the Federal
Highway Administration (FHWA), to serve as a data ware-
house for current and future highway-runoff data sets. The
database can be used by transportation agencies and research-
ers as a data warehouse to document information about a data
set, monitoring site(s), highway-runoff data (including precipi-
tation, runoff, and event mean concentrations of water-quality
constituents), quality-assurance and quality-control data, and
sediment-quality data. Information and data about the quantity
and quality of highway runoff can be used to document runoff
properties (flows, concentrations, and loads) at monitored sites
and to estimate these runoff properties for unmonitored sites
with similar characteristics. The HRDB provides information
and data that may be used to assess potential effects of high-
way runoff on receiving waters and the need for management
measures to mitigate the potential for such adverse effects.

Many highway-runoff studies have been done over the
years to collect necessary data, but the data have not been
available in a consistent and accessible electronic format.

The HRDB currently includes 37 tables with data for 39,713
event mean concentration (EMC) measurements (includ-

ing over 100 water-quality constituents) from 2,650 storm
events, monitored at 103 highway-runoff monitoring sites in
the conterminous United States, as documented in 7 selected
highway-runoff data sets. These data include the 1990 FHWA
runoff-quality model data compilation and results from 6 other
data sets collected during the period 1993-2005.

The HRDB application also was developed to
serve as a data preprocessor for the Stochastic Empirical
Loading and Dilution Model (SELDM). SELDM is a
water-quality model that is designed to help estimate
runoff flows, concentrations, and loads from highways
and in receiving waters at unmonitored sites based on
site characteristics. The HRDB application, which is the
graphical-user interface and associated computer code, can
be used to facilitate estimation of statistical properties of
runoff coefficients, runoff-quality statistics, and relations
between water-quality variables in highway runoff from the
available data. The database application facilitates retrieval
and processing of the available highway-runoff data.

This report is a manual for step-by-step use of the
HRDB graphical-user interface and it documents the HRDB
design and database application. The highway-runoff data
in the database is discussed to provide an overview of the
database contents and examples of the potential use of such
data. Some basic information about database design and
implementation in Microsoft Access is provided. The data
structures and table definitions that constitute the database
contents are described in this report, on a database design
diagram, and in a data dictionary on the accompanying
CD-ROM. The program code, written in Microsoft Visual
Basic for applications, is documented in this Microsoft Access
database file on the accompanying CD-ROM. The report also
documents operational issues and procedures for current and
future use of this database and the database application.
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Introduction

Knowledge of the properties of highway runoff,
including event mean concentrations (EMC) of water-quality
constituents, runoff flows, and runoff loads, is important for
decision makers, planners, and highway engineers to assess
and mitigate possible adverse effects of highway runoff on
the Nation’s receiving waters (Bank, 1993; Transportation
Research Board 2002; Granato, Zenone, and Cazenas, 2003).
Data and information about precipitation and the quality and
quantity of highway runoff from sites with different highway-
design characteristics, traffic volumes, and surrounding land
uses help define variations in runoff quality from site to site.
Data and information from different areas of the country
may be used to characterize the quality of highway runoff
as a function of regional variations in fuel formulations,
emission standards, construction and maintenance practices,
and soil geochemistry. Highway-runoff data also are
necessary to assess the need for and potential effectiveness of
management measures, (such as structural best management
practices (BMPs), to mitigate the potential for any adverse
effects of runoff on receiving waters. Finally, such data are
necessary to formulate planning-level estimates of runoff
quality for existing or planned sites for which monitoring
data are unavailable. Organization and centralization of
highway-runoff data from various sources has consistently
been identified as a high-priority environmental-research
need by the Federal Highway Administration (FHWA), the
Transportation Research Board (TRB), and the National
Cooperative Highway Research Program (NCHRP) (Bank,
1993; Transportation Research Board 1993; 1996a; 1996b;
1997, 2002; Venner and others, 2004).

Publication of the 1990 FHWA runoff-quality model
with data from a number of data-collection studies was the
culmination of the FHWA runoff-quality research conducted
during the 1970s and 1980s (Driscoll and others, 1990 a,b,c,d).
The 1990 FHWA runoff-quality model was based on this
older, available runoff-quality data and the assumption that
concentrations of water-quality constituents in receiving
waters were equal to zero. By the mid-1990s, however, it
was recognized that the existing data and modeling methods
would reach obsolescence as time went on because of
changes that have occurred since the original field monitoring
studies were completed (Bank and others, 1996). Changes
in highway construction and maintenance activities (such as
the use of pulverized rubber tires in pavement mixtures), and
automobile technology (such as the disappearance of leaded
fuel, continuing improvements in catalytic converters, and a
technological trend from asbestos to organo-metallic brake
pads) may affect the quality of highway runoff. Changes in
atmospheric deposition and other ambient sources of pollution
from surrounding land uses also could affect the quality of

highway runoff. These and other changes may substantially
alter the quality of runoff and the potential effects of this
runoff on some receiving waters. In addition, as a result of the
Total Maximum Daily Loads (TMDLs) process, regulators
and decision makers have become increasingly aware of the
importance of considering the quality of upstream receiving
waters for examining potential effects of runoff from highways
and other land uses.

Regional and National Highway-Runoff
Information Needs

Recognition of need for available, consistent, and
technically sound runoff-monitoring data has led to several
standardization efforts by federal and state agencies,
universities, and highway practitioners. This need was
highlighted by the findings of the FHWA National Highway
Runoff Data and Methodology Synthesis (NDAMS) (Granato
and others, 1998; Granato, 2003). Results of the NDAMS
study indicate that knowledge of the details of highway-
runoff studies is not persistent or pervasive and that detailed
data and documentation for studies more than 5 years old
often are unobtainable because of changes in personnel and
computer systems (Granato, Dionne, Tana, and King, 2003).
The NDAMS study cataloged and reviewed a sample of 250
highway-runoff studies and indicated that few highway-runoff
monitoring reports available at that time would meet current
documentation standards and data-quality requirements
(Granato, 2003). In response to these information needs, the
NDAMS project produced a compilation of chapters, each
written by subject-matter experts, to define requirements
for defensible data sets for each facet of a highway-runoff
monitoring study (Granato, Zenone, and Cazenas, 2003).
The FHWA also published a guidance manual for monitoring
highway-runoff quality to help standardize methods and
results of highway-runoff monitoring studies (Strecker and
others, 2001).

Similarly, other organizations have documented an
increased emphasis on data standardization, documentation,
quality, defensibility, and availability. On a national scale,
the U.S. Environmental Protection Agency (USEPA),
the American Society of Civil Engineers (ASCE), and
the Water Environment Research Foundation (WERF)
published a guidance manual for BMP performance
monitoring in an effort to compile the data necessary
to improve BMP selection and design for inclusion in
the International BMP database (Strecker and others,

2002). On a regional scale, the Technology Acceptance
and Reciprocity Partnership (TARP), which includes
environmental monitoring and regulatory agencies from
California, Massachusetts, New Jersey, Pennsylvania, and
Virginia, also has established protocols for monitoring



runoff, documenting methods and data, and interpreting
the results of studies of BMPs (Technology Acceptance
and Reciprocity Partnership, 2001). At the state level, the
California Department of Transportation (CALTRANS)
developed and published a set of stormwater monitoring
protocols to collect and store data of known accuracy
and precision (California Department of Transportation,
2000). The CALTRANS manual was written so that data
would be suitable to support the CALTRANS stormwater
management program, to comply with various regulatory and
legal requirements, and to be scientifically defensible in a
range of other potential applications (California Department
of Transportation, 2000). Information needs identified by
CALTRANS include characterization of the quality and
quantity of discharges, evaluation of BMP performance, runoff
modeling, comparisons to other studies, and assessments of
highway-contributions to receiving water loadings. These
data-collection programs are beneficial but none are focused
on national highway-runoff information needs.

A recent study by the NCHRP (Venner and others,
2004) concluded that a national highway-runoff database,
available in the public domain, was necessary to document
the results of monitoring efforts to characterize the quality
of runoff from operating highways. This NCHRP study
concluded that a database, which included a structure to
record detailed results of runoff-monitoring studies (such as is
found in the International BMP Database or the CALTRANS
proprietary database) as well as the bibliographic and data-
quality information in the NDAMS database was necessary
to further highway-runoff research. The International BMP
Database does not have a bibliographic component that
identifies source documents for the data. Identification of
source documents facilitates investigation of the study design,
the field and laboratory methods used, and the availability
of quality-assurance and quality-control data. Examination
of the reports that document detailed methods and results
of water-quality studies commonly reveal the specific site
characteristics, individual methods descriptions, and the
results of quality-assurance and quality-control measures
that are necessary to properly use such data. Furthermore,
the International BMP Database accepts only highway
and urban-runoff characterization data collected as part of
comparative (input versus output) BMP studies. The design
of the CALTRANS proprietary database is well suited for
documenting CALTRANS monitoring efforts, but that
database contains many types of data and is complex. Both the
CALTRANS proprietary database and the International BMP
Database are complex enough to be supported and maintained
by professional database administrators. Therefore, a relatively
simple data structure was needed to store available highway-
runoff data, to provide researchers with a common data format
to record results from current and future runoff studies, and to
facilitate the export of data and summary statistics for further
analysis of runoff properties.

Introduction 3

To address evolving information needs the U.S.
Geological Survey (USGS), in cooperation with the
FHWA, began to develop a new water-quality model,
known as the Stochastic Empirical Loading and Dilution
Model (SELDM), to supersede the 1990 FHWA runoff-
quality model. Runoff coefficients and EMC statistics
are used with SELDM to generate random populations of
runoff volumes, concentrations, and loads from regional
precipitation statistics and site characteristics by use of Monte
Carlo methods. This information may be used to estimate
runoff quantity and quality based on site characteristics,
and to predict potential effects of highway runoff on
receiving waters. Proper application of such a model,
however, requires technically sound statistical estimates
of the quality and quantity of runoff and receiving waters
upstream of the highway outfall. Such statistical estimates
require technically sound and well-documented data and
statistically valid estimation methods appropriate for the
data. As SELDM was developed, it was realized that use
of the model, as well as other analyses and applications
of highway-runoff data, would be greatly facilitated by a
database for complete and comprehensive storage, retrieval,
and analysis of these data in a consistent format. Thus, a data
warehouse was created to document data and information
from available highway-runoff monitoring studies.

Purpose and Scope

This report is a manual for the HRDB application and
describes the use, design, and contents of the application.

The HRDB application is designed as a data warehouse to
document data and information from available highway-runoff
monitoring studies and as a preprocessor for highway-runoff
data for use in the SELDM application. The availability of
highway-runoff data provides the basis for defining runoff
quality and quantity at monitored sites and predicting runoff
quality and quantity at unmonitored sites. The data that

were used to develop the 1990 FHWA runoff-quality model
(Driscoll and others 1990a, b, ¢, d) are included as a basis for
comparison with newer data. Additional data from six newer
highway-runoff data sets that were available with a substantial
amount of supporting documentation are included as an initial
update to the earlier data set.

The HRDB application also is designed to be a
preprocessor for use with SELDM. Most common data-
manipulation tasks can be accomplished with the graphical-
user interface of the HRDB or by use of several predefined
queries with only a cursory knowledge of Microsoft Access.
The database application provides standard and robust
estimates of population statistics for highway-runoff data. The
procedures for manipulating data in the database application
are described, and step-by-step use of the application’s
graphical-user interface is illustrated.
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Information about the design and implementation of the
application and underlying database are provided to facilitate
future use and modification of the highway-runoff database
application. The program code, written in Microsoft Visual
Basic for applications, is documented in the Microsoft Access
database file on the CD-ROM accompanying this report. Some
basic information about database design and implementa-
tion in Microsoft Access is provided. The implementation
and design portions of this report, however, are written with
the assumption that potential users who would be making
design changes would have a working knowledge of Microsoft
Access and some background in the design or use of relational
databases. Information and training on the use of Microsoft
Access is widely available and can be located on the Internet.
Information about data models and relational database-design
concepts are available in many books (for example, Fleming
and von Halle, 1989; Hernandez, 1997; Roman, 1997), and
in the Federal data-modeling standard document FIPS 184
(National Institute of Standards and Technology, 1993).

The primary function of this document is intended
to be as a manual for the HRDB. Although the presented
order of topics is from subject data, to use of the graphical-
user interface application, to design and implementation of
the underlying database, some readers may prefer to read
the document in a different order. If the reader needs high-
way-runoff data or statistics, the first two sections after the
introduction should provide the necessary information. If the
reader needs data not provided by the standard choices in
the database application, then it will be necessary to under-
stand the database design and contents. If the reader needs
to add data, extend the database, or act as an administra-
tor for an updated version of the database, then information
about operational issues and procedures also is necessary.

Highway-Runoff Data

Information and data about the quantity and quality of
highway runoff are necessary to assess the potential effect
of highway runoff on receiving waters and the need for
management measures to mitigate the potential for these
effects. Selected data sets from previous studies form the

core of a future FHWA highway-runoff data warehouse,
provide an initial data set for use with SELDM, and provide
data used to develop and test the database application and
the underlying data model. Information about the data
included in this version of the database is summarized, and
selected properties of highway-runoff data are explored.
Driscoll and others (1990c) documented a detailed analysis
of properties of highway runoff, factors that influence
highway runoff quantity and quality, and approaches to
predictive modeling. This summary provides an overview of
an updated data set that may be used for such an analysis.
Currently, the database includes data from 7 highway-
runoff data sets with 103 sites, 2,650 storms, and 39,713
individual stormwater-quality measurements (fig. 1).
Data from the 1990 FHWA runoff-quality model “working
database,” which represents a compilation of previous studies
(Driscoll and others, 1990c; d) are included to supplement
and to provide a basis for comparison with newer data sets.
The California data set currently is the largest highway-
runoff data set collected, processed, analyzed, and recorded
in a robust and consistent data-quality system (California
Department of Transportation, Office of Environmental
Engineering, 2000; 2002; 2003a; b; c; d; 2004). Highway-
runoff data from Massachusetts represents results from a
BMP characterization study (Smith, 2002). The Wisconsin
study (Waschbusch, 2003) documents highway-runoff quality
with and without street sweeping. The Washington State
data sets include highway runoff characterization data for
National Pollution Discharge Elimination System (NPDES)
permits (Tetra Tech, Inc., 2002; 2003; 2004; Washington State
Department of Transportation, Environmental Services Office,
2001, 2002, 2003, 2004) and BMP monitoring data (Taylor
Associates, Inc., 2002a; 2002b). The Michigan Department of
Transportation data are results from a highway stormwater-
runoff characterization study (CH2MHill Inc., 1998). The
Texas data set represents results from a characterization study
(Barrett and others, 1995, 1996) and a BMP study (Walsh
and others, 1997). The storm events in the highway-runoff
database span a period of three decades from 1975 to 2005
(fig. 2). Although there are 103 data-collection sites, 24 have
data collected before 1986, 52 are distributed in California,
and the remaining 27 are clustered in 5 states (fig. 3).
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Figure 1. Summary of the highway-runoff data including (A), a count of sites, storms, and event mean concentration values
in the database, and the percentage of; (B), sites; (C), storm events; and (D), event mean concentration (EMC) values in each
highway-runoff data set.
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Figure 2. The temporal distribution of storm-event sampling dates for each data set in the highway-runoff database.
(N, number of storm events in each data set).
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Figure 3. Index map showing highway-runoff monitoring stations from the working database of the 1990 Federal Highway
Administration compilation and new sites from six highway-runoff data sets in the conterminous United States (geographic projection).



Highway Runoff Coefficients

Runoff coefficients commonly are used to relate the
amount of precipitation that may occur in a given storm to
the average amount of runoff generated from a highway site
during that storm. In the nationwide urban runoff program
(NURP), Athayde and others (1983) defined the runoff coef-
ficient (R,) as the ratio of runoff volume to rainfall volume,
and determined that the variation in R, at individual study sites
was a random variable that was well-defined by a lognormal
distribution. Driscoll and others (1990c) also concluded that
runoff coefficients from individual sites could be character-
ized as random, lognormal variables. Runoff coefficients
are theoretically bounded between zero (no runoff) and one
(100 percent of precipitation runs off). Runoff coefficients are
expected to vary from storm to storm with antecedent condi-
tions and to vary from site to site as a function of impervious
area (Athayde and others, 1983; Schueler, 1987; Driscoll and
others, 1990c). In practice, however, uncertainties in measure-
ment of rainfall, runoff volumes, impervious areas, and the
total contributing area for each storm can yield runoff coeffi-
cients that are greater than one (Church and others, 2003).

Runoff coefficients can be used to predict runoff
volumes and runoff-constituent loads. Highway-runoff data
sets commonly include a relatively small number of highway
sites and a relatively few number of storms per site (Driscoll
and others, 1990c¢). Rainfall data or estimates of rainfall
statistics, however, are available throughout the nation and
this information may be used to predict runoff at unmonitored
sites (Driscoll and others, 1989). Researchers commonly
use a regression equation to predict runoff coefficients from
estimates of the fraction (or percentage) of impervious
area based on the average runoff coefficient from each site
(Athayde and others, 1983; Schueler, 1987; Driscoll and
others, 1990c).

Average runoff coefficients commonly are used
to predict runoff volumes because of the uncertainties in
individual measurements (Strecker and others, 2001; Church
and others, 2003). Of the 103 sites in the highway-runoff
database, 84 sites have the rainfall measurements, runoff
measurements, and drainage-area estimates that are necessary
to calculate runoft coefficients for a given site; 83 sites have
an estimated impervious area (fig. 4). High variability in
runoff coefficients at a given site is expected from storm to
storm. Variability in antecedent conditions, rapid changes
in precipitation intensity and runoff, and uncertainty in
measurement methods can account for high variability in
runoff coefficients. For example, 39 sites have individual
runoff coefficients that vary by more than an order of
magnitude, and 53 sites have maximum runoff coefficients that
are substantially greater than one.

Of the 84 sites with the information necessary to calculate
runoff coefficients, 24 sites have an average runoff coefficient
that is greater than one, and 9 sites have an average runoff
coefficient that is abnormally low (less than 50 percent of what
would be expected based on impervious area). Systematic bias
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in the entire population of values indicates a problem in the
drainage-area estimate. Precise estimates of drainage area are
difficult in small highway catchments that are the subject of
water-quality investigations (Strecker and others, 2001). It is
difficult to accurately delineate a small low-slope catchment,
because small surface features have an inordinate effect on
drainage patterns in these catchments. Vehicles can track
water along the roadway and spray water off the pavement and
into the air. For example, bias in the runoff coefficients at the
sites in Massachusetts are caused by periodic bypass flows
from neighboring drainage areas along ruts in the roadway
and along the road edge around neighboring catch basins to
these sites, which are at a low spot in the road. These bypass
flows occur during periods of high-intensity rainfall during
some storm events and increase the effective drainage area
of the monitored subcatchment at these sites (K.P. Smith,
U.S. Geological Survey, oral commun., 2005). Therefore,
estimates of runoff coefficients must be adjusted so that the
maximum runoff coefficient does not exceed one to eliminate
potential mass-balance errors in runoff estimates made from
precipitation records for an entire catchment.

The 1990 FHWA runoff-quality model study used data
from 18 sites (from a total of 789 storms) to determine that
(1) the runoff coefficient commonly is independent of the
total rainfall volume for a given storm, (2) runoff coefficients
for different storm events at a given site vary lognormally,
and (3) among different sites, the impervious fraction of
the contributing drainage area is a satisfactory explanatory
variable for the expected runoff coefficient (Driscoll and
others, 1990c). Examination of site characteristics for the
83 sites with rainfall data, runoff data, drainage area, and
the impervious fraction indicates that many of the sites with
lower impervious fractions tend to have higher drainage areas
(fig. 4a). One may expect reduced variability in storm-to-storm
runoff coefficients at each site with increasing impervious
fraction, because paved areas commonly are designed
to convey rather than retain precipitation. The relatively
constant coefficient of variation (COV) values over the range
of impervious fractions (fig. 4b) in the data set, however,
probably are an artifact of the distribution of drainage areas
among the different sites. The larger drainage areas of the sites
with lower impervious fractions potentially reduce storm-to
storm variations in measured values. The COV of the smaller
sites with higher impervious fractions potentially reflect the
effect of variable contributing areas from storm to storm.

The regression analysis from the 1990 FHWA runoft-
quality model study, was based on the average runoff
coefficient from the largest 15 sites with various impervious
fractions. This regression analysis indicated that the equation
for the average runoff coefficient has a slope of about 0.7
(times the impervious fraction) and an intercept of about
0.1. In the current study, regression analysis of the average
runoff coefficients for 44 sites in the highway-runoff database
(including sites from the 1990 FHWA runoff-quality model
study) that have reasonable average runoff coefficients
indicates a slope of about 0.67 (times the impervious fraction)
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and an intercept of about 0.08. The slope and intercept from
the original FHWA equation for average runoff coefficients
is well within the 95-percent confidence interval of the new
equation and is well within the (considerable) scatter of the
site-average runoff coefficients around the regression line.
Thus, continued use of the 1990 equation for planning-level
estimates of runoff volumes is supported by the current
analysis with more highway sites (fig. 4c).

Event Mean Concentration Data

The EMC is operationally defined as the total water-
quality-constituent mass discharged during a storm
divided by the total volume of the runoff and is, therefore,
the average pollutant concentration present in the total
volume of runoff from a storm event (Athayde and others,
1983; Schueler, 1987; Driscoll and others, 1990c). EMCs
can be derived by mathematical computation of discrete
measurements of concentration and runoff, or by analysis of
a single flow-weighted composite sample collected during a
storm (Athayde and others, 1983; Schueler, 1987; Driscoll and
others, 1990c; U.S. Environmental Protection Agency, 1992;
Strecker and others, 2001; 2002). Because analytical costs
for discrete instorm samples effectively reduce the number of
storms that can be sampled, many studies produce data based
on flow-weighted composite samples unless the research is
focused on instorm processes (Driscoll and others, 1990c;
Strecker and others, 2002).

The highway-runoff database includes 39,713 EMC
measurements from 2,650 storm events, monitored at 103
highway-runoff monitoring sites in the conterminous United
States, as documented in 7 highway-runoff quality data sets
(fig. 1). These EMC measurements include measurements
for 116 different water-quality constituents and water-
quality properties (such as oxygen demand, solids, specific
conductance, temperature, and pH). These water-quality
measurements include 17,810 trace-metal EMCs; 9,267
physical property EMCs; 6,002 nutrient EMCs; 3,375 major
inorganic constituent EMCs; 2,987 organic constituent
EMCs; and 272 other EMC measurements. Several of the data
sets have associated quality-assurance and quality-control
(QA/QC) data that are not entered in the database and are not
included in these totals. Examination and entry of the QA/QC
data was beyond the scope of the current study because these
data would require additional scrutiny and must be entered in a
separate table in the database.

Robust estimates of population statistics for highway-
runoff volumes and EMCs are necessary to develop planning-
level estimates of the concentrations and loads of these
properties and constituents in runoff at unmonitored sites
throughout the Nation. Data for concentrations and loads of
highway runoff indicate the expected quality of runoff at a
given site and define the potential for adverse effects caused
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by discharge of highway runoff in a watershed. The need for
management measures to mitigate the potential for adverse
effects of runoff is determined by the probability that the
runoff will have an adverse effect on receiving waters. In
the 1990 FHWA runoff-quality model study, Driscoll and
others (1990c) segregated available highway-runoff data
(8,039 EMC measurements for 19 constituents from 24 sites)
into “Rural” and “Urban” sites based on traffic density with
30,000 vehicles per day as the classification criteria. They
found that the sites with higher traffic density had statistically
higher median concentrations and, therefore, a higher
probability for water-quality exceedances. This distinction
was meant to be first approximation for estimating runoff
quality rather than an absolute division between sites. The
original intent of the 1990 study was for the user to select
summary statistics from one or more sites that best represent
conditions at the site of interest (Eric Strecker, Geosyntec
Consultants, oral commun., 2005). Decision makers need
EMC data and statistics that can be selected on the basis of
highway-site characteristics. This highway-runoff database
facilitates site-by-site analysis because it includes about
five times the number of monitoring sites and EMC values
as the 1990 FHWA runoff-quality model compilation.
Estimates of the concentrations and loads from highway-
runoff EMCs are complicated by the fact that highway-runoff
quality data sets commonly include EMC measurements that
are below one or more detection limits. Therefore, estimates
must be made using statistical methods that are appropriate for
the data. For example, Shumway and others (2002) report that
76, 43,9, and 2 percent of measured nickel, chromium, lead,
and copper concentrations, respectively, are below one or more
detection limits in the California Department of Transportation
highway-runoff data set. A recent summary of methods used
to handle such data (Helsel, 2005) indicates that systematic
and scientifically defensible methods are necessary to evaluate
population statistics in a quantitative manner. Helsel (2005)
also states that simple substitution methods, which have been
advocated in some regulatory settings (U.S. Environmental
Protection Agency, 1998; U.S. Army Corps of Engineers,
1998), may bias statistics and will vary as a function of the
substitution value. In the 1990 FHWA runoff-quality model
study, Driscoll and others (1990c; d) identified detection-
limit issues as a potential problem but did not identify which
values were censored in their working or master data sets.
However, detection limits were addressed in the 1990 FHWA
runoff-quality model study by use of regression on order
statistics (ROS) to estimate the standard deviation of the entire
population, and by use of the median to estimate the mean of
log-transformed values under the assumption that all values in
the data set are lognormally distributed (Driscoll and others,
1990c; d). Theoretical relations between these lognormal
values and their arithmetic counterparts (Chow, 1954) were
used to retransform these statistics into a mean and coefficient
of variation for the data in arithmetic space.
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About 17 percent of all the EMC measurements in
the database are identified as censored values (measured
or estimated below a reporting or detection limit). About
77 percent of organic constituent EMCs, 19 percent of trace-
metal EMCs, and 13 percent of nutrient EMCs are identified
as censored values. The number of EMC measurements
and the percentage of values that are censored are shown
for 15 selected water-quality constituents and properties in
figure 5. More than 7 percent of EMC values are censored
values for 7 of these water-quality constituents and properties,
and 1 percent of EMC values are censored values for 3 of the
remaining water-quality constituents and properties listed

in figure 5. Therefore, methods for estimation of summary
statistics for populations with censored vales (Helsel, 2005)
are needed to determine planning-level estimates of highway-
runoff quality.

The censored EMC measurements in the database may
be from composite or discrete measurements. A censored
EMC for a composite sample is a laboratory determination
from analysis of an individual flow-weighted composite
sample. A censored EMC from discrete measurements is
the mathematical flow-weighted average of concentrations
measured for two or more discrete samples from a single
storm that may include one or more individual concentrations



that are less than detection limits. There are no established
methods for estimating the value of an EMC from discrete
analyses that include one or more censored values (D.R.
Helsel, U.S. Geological Survey, oral commun., 2005). In this
case, the best method is to use the actual analytical reading
(even though it is below detection limits) from the laboratory
if such values are available. Other methods include use of
surrogate parameter relations, statistical methods described
by Helsel (2005), and use of the nominal detection limit for
a discrete value that is used to calculate the corresponding
censored EMC. Surrogate parameter relations are based on
the assumption that one water-quality variable can be used to
predict the concentration of another (for example, Thomson
and others, 1997).

Statistical methods are theoretically rigorous but depend
on the availability of enough data from within each storm
to develop estimates of the mean value (D.R. Helsel, U.S.
Geological Survey, oral commun., 2005). All available
discrete values (from different storms) cannot be used
quantitatively with statistical methods because it would be
difficult to assign estimated values among the different EMCs
for different storms. Use of the nominal detection limit for
individual censored values among discrete measurements
will provide an estimate of the censored EMC value that is
conservative (biased high). If original laboratory data for
subsample concentrations are not available and if the total
number of uncensored EMC measurements is sufficient to use
the ROS method (about 20 percent of the EMC values, Helsel,
2005) then assumptions about the concentrations of some
discrete subsamples will have minimal effect on estimates of
population summary statistics for all EMC values.

Technical Issues for Suspended Sediment Data

Potential problems with total suspended solids (TSS)
as a measurement of sediment concentrations for monitoring
highway and urban runoff, BMPs, and receiving waters have
been identified (Gray and others, 2000; Smith, 2002; Bent
and others, 2003; Waschbusch, 2003; U.S. Environmental
Protection Agency, 2005a). Proper definition of sediment in
runoff and receiving waters is critical because a review of
the highway-runoff literature indicates that ecological effects
in receiving waters are most likely to occur in places where
runoff sediments accumulate (Buckler and Granato, 2003).
The analytical methods for measuring TSS (American Public
Health Association, American Water Works Association, and
Water Pollution Control Federation, 1995) commonly are
done with a small subsample of water that may not properly
represent the full grain-size distribution of the sample (Gray
and others, 2000). The method for analysis of suspended-
sediment concentrations (SSC) (American Society for Testing
and Materials, 2000), however, is considered more reliable
because it is used to measure the dry weight of all sediment
from a known volume of a water-sediment mixture (Gray and
others, 2000). Gray and others (2000) indicate that because
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methods for TSS analysis systematically under represent the
coarse fraction of the total suspended sediment in receiving
waters, this method is “fundamentally unreliable for the
analysis of natural-water samples.” The USGS Office of
Surface Water and Office of Water Quality determined that
TSS analyses are “not appropriate” for characterization of
sediment concentrations (U.S. Geological Survey, 2000).

Similarly, flaws in the TSS analysis methods have been
shown to under represent suspended-sediment concentrations
in highway-runoff data with and without operational BMPs
(street sweeping) and structural BMPs in studies that have
collected paired TSS and SSC measurements (Smith,
2002; Bent and others, 2003; Waschbusch, 2003). Bent and
others (2003) concluded that the systematic bias in TSS
measurement also could result in substantial underestimation
of the effectiveness of BMPs for removing sediment in
highway runoff because the coarser sediments in the influent
would not be properly characterized. The U.S. Environmental
Protection Agency (2005a) also reached this conclusion
from examination of potential bias in TSS measurement.
The TSS method commonly is used, however, because it is
a traditional method carried over from methods developed
for analysis of municipal wastewater effluents. As such, TSS
analysis has been specified in rules, regulations, and guidance
documents for storm runoff and BMP performance. Thus,
most highway and urban runoff studies include analysis
of TSS measurements rather than SSC measurements to
estimate the amount of sediment in runoff (Bent and others,
2003). For example, there are 2,240 TSS measurements
but only 268 SSC measurements in the highway-runoff
database (fig. 5). A query of the USGS National Water
Information System (NWIS) Web, however, reveals that
about 276,000 paired SSC and discharge measurements are
available from about 7,500 surface-water-quality monitoring
stations (with drainage areas less than 1,140 square miles)
in the conterminous United States. In comparison, only
about one-third as many measurements and monitoring sites
have paired TSS and discharge measurements. Therefore, a
method is needed to estimate SSC in highway runoff from
available TSS data to facilitate analysis of the potential
effects of sediment from runoff on receiving waters.

The 94 paired measurements of TSS and SSC available
in the highway-runoff database were used to develop a
surrogate-parameter relation for SSC. A log-linear regression
relation was established to estimate SSC from TSS using
these paired measurements (fig. 6). This relation indicates
that SSC measurements are systematically higher than
TSS measurements. Only about 14 percent of the paired
samples have TSS concentrations that are greater than the
corresponding SSC value. Similarly, Glysson and others
(2000) developed regression equations from a much larger
data set of paired TSS and SCC measurements (14,466 paired
values) from different rivers and streams throughout the
United States that indicated a systematic negative bias in TSS
concentrations. Collection of SSC measurements in future
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Figure 6. The relation between 94 paired total suspended solids
concentrations (TSS, parameter code P00530) and suspended
sediment concentrations (SSC, parameter code P80154) in
comparison with a line indicating a one-to-one relation and

a log-linear regression line between paired values.

highway-runoff monitoring studies may be used to provide
better data for runoff analysis. Such data also may be used to
refine the regression model provided herein. In the interim,
the regression relation shown in figure 6 may be used to
help develop planning-level estimates of concentrations and
loads of SSC from highway sites that will be comparable to
estimates of SSC in receiving waters.

Use of the Highway-Runoff Database
Application

The HRDB application is the system of user-forms and
underlying queries that constitute the graphical-user interface.
This allows the user to extract data and statistics with only a
minimal knowledge of the Microsoft Access software. The
HRDB application was developed to facilitate use of available

highway-runoff data to characterize and predict flows,
concentrations, and loads of highway-runoff constituents
based on site characteristics. This information and data may
be used to generate planning-level estimates of runoff quality
and quantity at a site of interest. Planning-level estimates

of runoff quality and quantity are necessary for regulatory,
planning, and design purposes (Granato, Zenone, and Cazenas,
2003). The HRDB application was designed to facilitate
retrieval of the data in formats that would facilitate use of the
data with other computer applications such as spreadsheets,
statistical packages, the Multiple Detection Limit (MDL)
Software (Helsel and Cohn, 1988; Helsel and others, 1988),
and the Kendall-Theil Robust Line analysis software (Granato,
2006). The database application also is designed to facilitate
calculation of the statistics necessary for analysis of highway-
runoff data. The HRDB application provides the ability

to export:

* water-quality data in a tab-delimited format for use
with other software packages;

» water-quality data in a format for use with detection-
limit software;

* paired water-quality data in a tab-delimited format for
regression analysis;

e summary statistics for water-quality data with (or
without) censored data; and

¢ information and data necessary to evaluate storm-by-
storm runoff coefficients for different sites.

These five options are provided so that the user may
select from all available data or a custom data set and do the
analysis necessary to estimate runoff quality and flows that
are representative of a site of interest. The user may select
any of these options from the HRDB application main menu
and follow a series of specification forms to select all the
options necessary to complete the desired operation. The
main menu (fig. 7) provides an interface for selecting each
of these output options and an option for exiting the database
application. The sequence of specification forms that are used
to complete a desired operation is shown in figure 8. Although
common forms are used for different options, the forms have
customized features (such as titles and explanations) to cue the
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user about the currently selected operation. For water-quality
options, the user must (1) select the event type(s), (2) specify
the constituent of interest, (3) select a data set or data sets that
include the constituent of interest, and (4) select a monitoring
site or sites with site characteristics—for example, the average
daily traffic (ADT), location, impervious fraction, the presence
of curbs, or the type of surrounding land use—that are similar
to the characteristics of the site of interest. Once the user
navigates through these common-use data-specification forms,
the application forwards the user to the form that is specific

to the individual task (fig. 8). Similarly, if the user chooses to

Main Menu Form for the highway-runoff database application.

export runoff-coefficient data, the user must select the event
type(s), data set(s), and site(s) that have rainfall and runoff
data and an estimated drainage area with the common-use
data-specification forms (fig. 8). In each data-specification
sequence, the user may either return to the previous

form (by use of a “Go Back” button on each form) or exit
the process and return to the main menu (by use of a “Quit”
button). Use of the first four common-use data-specification
forms is described here, and technical details about each main-
menu selection and the resulting output are described in the
following subsections.



Highway-Runoff Database (HRDB Version 1.0)

14

"Blep (AY) ua1d1809-Hount pue (D) Anjenb-1azem Buissasoud Joj anewayos uonealdde aseqeiep jounit-Aemybiy

‘g aunfil4

A

wJo4 Jodx3 (AY
L1180 Jouny AemybiH

————————————-
|

.
.

wio4 IndinQ sonsnels

(MD) Ajenp-Jslep\  eINwo4 uonisod-Buiold

W04 Uonos|es

nus|\ Ulep ayy
0} uinjal pue ssadoud ayj }inb
0} uoido ay) apiroid swioy ||y ;810N
NUs|Al Ule|\ 0} uinjey @— — -
)oeg 09 o0} uondpg ——@
uoissalboid plemioq <——
:uoneue|dxgy

uonos|es Jejeweled

(MD) Ayenb-1a1em aiinbau
JOU S90p UONI3[es ejep
(AY) JuBI01}200 Jouny

PKk—-——————— e ——

H

<&

aseqeie( 1x3

e1eq Ay 1odx3g

211513835 MO d1eI2UID
sanjep MO paiied 11odx3
ele@ paiosus) MO Modx3
paywi3a-geL MO Hodx3

wJo4 podx3 eleq (MO
Ajenp-1e1ep) paiied

wio4 podx3 (1AW) ered (MO
Ajjlenp-1aiep) palosua)

_________?_________O

B e ]

wJio4 uonoses
-o}g-Bulioyuop
youny-AemybiH

wlo4 podx3 ejeq (MO) AHend

-I3jeM\ pajwiieg-qeL

wJoH
uonosles-19s-eled
youny-AemybiH

SWwI04 uoneolioadg-eleq asn-uowiwo)

w0
UOI}09|9S-JUBN}IISU0D
(M) Anreno-serepm

wlo4 uonosles
-9dA]-uan]

W04 NUBIA UIBA|




Select Event Type for Tab-Delimited Water-Quality Expo
Select Type of Event to Include:

highweay-runoff data set.

Select the event type(s) of interest, and then proceed to select the
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~Skorm Typels)

Number

Iﬁ € &l Runcff Events (starm exents and snowmel events)
[z430 " Rain

Ir 3 Mix of Rain and Snaw or Rain an Snow

|39— = Snaw

IU—

< Dry-YWeathier Smowmelt Event

Cik: Return bo Main Menu

Proceed: Accept Selection and Continue

Figure 9.

The event-type selection form (fig. 9) is designed
to allow the user to specify one or more event types to be
used in the water-quality data or runoff-coefficient data
selection process. Event types are specified because winter
maintenance operations, such as sanding, salting, and plowing,
may have a substantial effect on concentrations of a number
of runoff constituents (Driscoll and others, 1990c¢). If winter
maintenance operations increase constituent concentrations,
a population of concentrations for all events may exhibit
higher median and average values, greater variability, and an
increased skew when compared to statistics for rain events.
When the database application loads the event-type selection
form, it runs several queries to count the number of storm
(or runoff) events in the database. Storm events are defined
as precipitation-runoff events. Storm event types include rain
events, mixed events, and snow events (presumably with
runoff). Mixed events are defined by Driscoll and others
(1990c) as a mix of rain and snow or rain on preexisting
snow. Runoff events include all storm events and dry-weather
snowmelt events. The dry-weather snowmelt events are
defined as runoff events that occur when air temperatures or
solar radiation melt existing snow packs along a highway to
cause measurable runoff flows. In the runoff-coefficient data-
selection process, selections for dry-weather snowmelt events
and all runoff events are disabled by the program because the

Event-type selection form for the highway-runoff database application.

dry-weather events are not associated with a specific storm-
event precipitation volume. Currently (2006), there are no
dry-weather snowmelt events recorded in the database.

The water-quality constituent selection form (fig. 10)
is designed to allow the user to specify the water-quality
constituent (or property) of interest. All water-quality
constituents and properties in the database tables are organized
by USEPA parameter code (PCODE). The PCODE is an
unambiguous reference number that identifies the water-
quality constituent or property, the sampling matrix, the
sample type, and measurement unit (U.S. Environmental
Protection Agency, 2005b; U.S. Geological Survey, 2005).
There are concentration measurements for 116 water-quality
constituents and properties in the HRDB and there are 7,427
possible water-quality constituents and properties identified by
PCODE in the HRDB version 1.0. When the user selects any
of the water-quality options on the main menu and selects the
event type (fig. 8), the HRDB application queries the database
to determine which water-quality constituents are included in
the database for the selected event type(s), to count the number
of values for each constituent, and to rank the constituents
in descending order by the number of values available in the
data set. By default, constituents are ranked by the number
of samples available in the database in descending order so



16 Highway-Runoff Database (HRDB Version 1.0)

A. Initial view of selection form

Select One Constituent for Tab-Delimited Water-Quality Export

Select Water-Quality Constituent(s):  Select the constituent of interest and proceed to select the highway-
runcff data set for tab-delimited export.

— Sork Constibuents By

& Sample Count ¢ Mame O PCODE {7 Group

—Select Constituent of Interest

Conskituent Marne PCODE  Group Counk

—Select Constituent as Explanatory Yariable

comskituent Manme PEGQRE  Group ot

Quit: Return to Main Menu | G0 Back; Select New Event Type Broceed; Select Datba Setis) |

B. Active combo box on selection form

Select One Constituent for Tab-Delimited Water-Quality Export

Select Water-Quality Constituent(s): Select the constituent of interest and proceed o select the highway-
runoff data set for tab-delimited export.

— Sort Constituents By

0 Sample Count " Mame ¢ PCODE 9 GEroup

— Select Constituent of Inkerest

Constituent MName PCODE  Group Count

I -l

—|5olids, suspended, water, miligrams per liter pa0s30  physical property 2240
Copper

waker, unfiltered, recoverable, micrograms per liter p01042  minor and brace inorganics 1954

Zin ter, unfilkered, le, micrograms per liter 92 | minor and trace inorganics |
Lead, water, unfiltered, recoverable, micragrams per liker pd1051  minar and trace inorganics 1881
Organic carbon, water, unfilkered, milligrams per liter pO0GEN  majar inorganics 1546
Cadmiurm, water, unfilkered, micragrams per liter p01027  minar and trace inorganics 1250
Phosphorus, water, unfilkered, milligrams per licer pO0&ES  nutrients 1275

[ Chramium, water, unfiltered, recoverable, micrograms per likey p01034  minor and trace inorganics 1145 =
Quit: Return bo Main Menu Go Back: Select Mew Event Type Proceed; Select Data Setis)

Figure 10. Water-quality constituent selection form showing (A), initial view of selection form; (B), active combo box on selection
form; (C), final view of selection form; and (D), two-parameter selection form for the highway-runoff database application.
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C. Final view of the selection form

Select One Constituent for Tab-Delimited Water-Quality Export

Select Water-Quality Constituent(s):  Select the constituent of interest and proceed to select the highway-
runoff data set for tab-delimited export.

— Sort Constituents By

¥ Sample Count = Mame © PCODE C Group

— Select Constituent of Inkerest
Conskituent Mame PCODE  Group Count
Copper, water, unfitered, recaoverable, micrograms per liker j
— Select Conskituent as Explanatory Yariable
Zomstituent ame PEODE  Group ot

Quit: Return to Main Menu | Go Back: Select Mew Event Tvpe Proceed; Select Data Set{s) |

D. Two-parameter version of the selection form

Select Two-Constituents for Paired Water-Quality Data Export

Select Water-Quality Constituent(s): Select the constituent of interest, then select another constituent as an
explanatory or surrogate varisble, and then proceed to select the

[ 29t Constituents By: highway-runaff data set for tab-delimited expart,
(@ Sample Count ¢ Mame ¢ PCODE T Group

d

—Select Constituent of Inkerest

Constituenk MNarne PCODE  Group Counk

Copper, water, unfilkered, recoverable, micrograms per liter j

—Select Constituent as Explanatory Yariable
PCODE  Group Counk

Constitusnk Marnne

t

Cuit: Return bo Main Menu a0 Back: Seleck Mew Event Type Proceed: Select Data Set(s) |

Figure 10. Water-quality constituent selection form showing (A), initial view of selection form; (B), active combo box on
selection form; (C), final view of selection form; and (D), two-parameter selection form for the highway-runoff database

application—Continued.
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that the constituents of greatest interest for highway- and
urban-runoff studies will be presented first in the selection list
and the more obscure constituents with fewer analyses will be
presented last. Most of the constituents of greatest interest for
highway-runoff characterization (Granato, 2003) have more
than 500 EMC samples in the database (fig. 5). However, the
user also may choose to reorder the available constituents by
name, PCODE, or parameter group by selecting the respective
option (fig. 10).

When the water-quality constituent selection form
appears (fig. 10A), the combo box(es) are blank, and the
command button used to proceed to the next form is not
activated. A combo box is a Microsoft form-control-object
that can be used to select one object from a drop-down list of
potential choices. Once the user clicks on the constituent-name
combo box, a list of water-quality constituents including the
name, PCODE, parameter group, and the number of EMC
values in the database appears (fig. 10B). Once a constituent
(fig. 10C) or, for the paired water-quality data option,
constituents (fig. 10D) are selected, the name of that water-
quality constituent appears in the combo-box window(s).

The database application activates the “Proceed” command
button once the water-quality selection(s) is(are) made.
Constituent selection is the second step in each of the water-
quality data-selection processes on the main menu because this
choice limits subsequent selections to the data set(s) and data-
collection sites with data for the event-type and constituent

of interest. For example, all seven data sets include data for
total copper, but only the Massachusetts data set (Smith, 2002)
includes measurements of total cyanide.

The highway-runoff data-set selection form (fig. 11A)
is designed with list boxes to allow the user to specify one or
more highway-runoff data sets to be used in the water-quality
data or runoff-coefficient data-selection process. A list box is
a Microsoft form-control-object that can be used to select one
or more objects from an on-screen list of potential choices.
List boxes may have vertical and horizontal scroll bars that
allow the user to view information that extents beyond the

list-box dimensions. When the database application loads the
data-set selection form, it runs a query to count the number of
specified event type(s) and water-quality or runoff samples in
the database by data set and populates the lower list box with
a list of data sets that have the measurement(s) of interest.
The lower list box includes the name of the data set, the

range of sample-collection dates (period of record), and the
number of samples of interest. The user may select a data

set by left-clicking on the appropriate line in the lower list
box. When this happens, a confirmation message appears in

a pop-up message box. At this point the user may left-click
“OK” to select the data set or “Cancel” to stop the selection.
If a data set, is clicked and confirmed, the data-set name and
period of record appear in the upper list box. To deselect a
data set, the user must left-click the data-set name in the upper
list box, and left-click the “Deselect Data Set” command
button. If the user selects a data-set name in the upper list box
and left-clicks the “Deselect Data Set” command button, a
confirmation message appears in a pop-up message box. At
this point the user may left-click “Yes” to deselect the data set
or “No” to keep the selection.

The data-set selection form also provides a method to
obtain bibliographical references for each data set. This form
is provided because the citations allow the user to obtain and
examine the source documents for the data in the database
and to properly cite any data that are used. The need for such
citations with water-quality databases has been identified by
the NCHRP (Venner and others, 2004). If the user selects a
data set and left-clicks the “Data-Set Reports” button, the
Data-Set Citations form appears (fig. 11B). The Data-Set
Citations form consists of an explanation, a large, scrollable
text box and a close button. When the form opens, the citations
for the selected data set are highlighted so that the user can
easily copy and paste the citations from the text box into
another computer application such as a text file, spreadsheet,
or word-processing document. Left-clicking the “Close”
button closes the form and returns the user to the data set
selection form.
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A. Data-set selection form

Select Data Sets for Tab-Delimited Water-Quality Expork

Select Data Set (5): [} !:Ial_:a set is & grouping of data published by the same organization or
principal imvestigatar(s) From one ar more study sikes, Select each data set
by clicking each entry in the lower list o,

Selected Data Sek:
[rata Sek Mame Period of Record

FHwA 1990 Runoff Model Working Daka 1975-19a84 Deselect Data Sat |

Drata Seks with the Constituent or Constituents of Inkeresk;
Data Sek Mame Period af Recard Murmber of Samples

[

Highwsay BM 1999-2000
CALTRAMS 2003 Highwway Runoff Data 19992003 a11 Diata-
W 2000 DOT Urban Higheway Sweeping Data 1999-2000 95 Set
Wi 2005 DOT Highway Runoff BMP Data 1994-1997 134 Reports
T 1997 Highway Runoff Data 1994-1997 140

MI 1995 Highweay Funoff Daka 1995-1997 3

ao Back: Select Mew

Constituent(s) Proceed: Select Study Sikes

Quit: Return to Main Menu

B. Data-set citations form

Data-5Set Citations :

Data-Set Citation (5): i !:Ial_:a sgt isa _gru:uuping of data published by the Same -:urganizat_iu:un ar
principal investigator{s) from one or more skudy sites, The Following are

citations of reportis) associated with the selected data set,

:nork

Close

Figure 11. Data-set (A), selection; and (B), citation forms for the highway-runoff database application.
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Select Monitoring Sites for Tab-Delimited ¥Water-Quality Expork

Select Site(s):

Selected Sites:
(5ingle-click enabled)

Select one or more highway-runoff monitoring sites From the lower lisk box, Information about
each site includes the name, data set, average daily traffic (A0DT), impervious Frackion, presence
or absence of curbs (% Yes, B Mo, U: Unknown), the surrounding land use, and the bype of on-
site BMP, This information can be viewed by using the horozontal scroll-bar, In both lisk boxes, a
wertical scroll-bar can be used bo view additional sikes that do nok fit in the lisk boz,

&R LITTLE RrCE I-30

FHu'A 1920 Runoff Model Working Data

Monitoring Sites with the Constituent or Constituents of Interest (Scroll right to see more site definition information;

Deseleck
Sikefs)

i

LSibeMame

AR LITTLE RCE I-30

CA SACRAMENTO LS 50

0 DEMYER, I-25

FL EROWAARD COUMNTY SAMPLE ROAD 5-5354
FL MIAMI I-95 BRIDGE

Fr MIMNMEAPOLIS I-94

MM ST DAL To0d
4I I

koW HighwayDataset

FHWA 1990 Runoff Madel Warking Daka
FHWA 1990 Runoff Model Working Data
FHwa 1990 Runoff Model Working Data
FHWA 1990 Runoff Madel Warking Daka
FHWA 1990 Runoff Model Working Data
FHwa 1990 Runoff Model Working Data

ELLWAY A A 000 DomaFF Bedal Warl-inn Maka

saDT LS
42000

Sa000
149000
20000

C
C
140000 1
I: -

o000
EEMNON. T
2

Mote: In the lower lisk box, a single click will select one site, shift-click will select all sites
between the first and second shift-click, Cerl-click will select or deselect one or more sites.,

Add Selected Sikeis)

ik Returm ko Main Menu

Go Back: Select Mew Data Sekis)

Proceed: Generate Cukpuk |

Figure 12.  Site selection form for the highway-runoff database application.

The site-selection form (fig. 12) is designed with two list
boxes and is used in a way that is similar to use of the data-
set selection form. The user may select and deselect sites by
clicking in the list boxes, clicking the appropriate command
buttons, and responding to confirmation messages. The lower
site-selection list box, however, is designed to allow selection
of a single site (by clicking it), selection of two or more
subsequent entries (by shift-clicking the first and last), and
selection or deselection of multiple sites (by control-clicking
individual sites). When the database application loads the site-
selection form, it runs a query to count the number of specified
water-quality or runoff measurements in the database by event
type and data-collection site. The database application then
populates the lower list box with a list of data-collection sites
that have the measurement(s) of interest. The site-selection
list box has a horizontal scroll bar that allows the user to
view detailed site information such as name, data set, ADT,
location, impervious fraction, the presence of curbs, the type
of surrounding land use, the presence of upstream BMPs, and

the number of water-quality or flow measurements for the
parameter of interest. The headings for these columns are the
database field-names, which are defined on the form and in
the data dictionary on the CD-ROM accompanying this report.
Once selections are made, they are added to the upper list box
by clicking the “Add Selected Site(s)” command button. Sites
may be deselected by right-clicking the site name in the upper
list box and clicking the “Deselect Site(s)” command button.
This version of the HRDB application does not include
a preprogrammed user interface for the tables that document
sediment-quality data. This is because of the relatively small
amount of sediment-quality data that are currently available
and because of the technical complexities that must be
considered by the user who may use sediment data to develop
planning-level estimates of highway-runoff constituent
concentrations. A user familiar with Microsoft Access and the
highway-runoff data model could extract all necessary data by
use of tables and user-defined queries in the database.



Select and Export a Water-Quality Constituent in
Tab-Delimited Format

The first command button on the main menu (fig. 7)
allows the user to select and export a water-quality constituent
in tab-delimited format for use with other software
applications including word processors, spreadsheets, and
statistical packages. Once the user has selected the event
type, water-quality constituent, the data set(s), and the site(s)
(fig. 8), the application loads the Tab-Delimited Water-Quality
Data Export Form (fig. 13). As the application loads the form,
it runs a query to determine the total number of data points,

—Data Qutpuk (Seleck Oned
% Sort Data by Date
€~ Sort Data by EMC Yalue
" Segregate Data by Site Then Sort by Date

i~ Segreqate Data by Site Then Sork by EMC

Save a Tab-Delimited File of EMC Values

Tab-delimited data sets are easy ko use with other software applications, This form allows the user to sork the daka
and output a single waker-guality constituent wikth warious export options, These options may include detection-limik
qualifiers, site name, starm event date, storm bype, precipitation, and storm-runoff waolume,

— Status of Daka

Total Murmber of Measuremenks;

Mumber of Uncensored Measurements: IIB

Mumber of Censored Measurements:

Percentage of Censored Measurements: [10,
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the number of uncensored and censored data points, and the
percentage of the data set that is censored and displays this
information on the form (fig. 13). This export form allows the
user to select a number of sort options and to segregate data by
site. The user may choose to export explanatory information
and data for each water-quality data point by selecting one or
more export options on the form (fig. 13). Left-clicking the
“Export Information” command button will activate a standard
Microsoft Windows common-dialog box to allow the user to
select the destination directory and file name for the tab-
delimited data. The user may either “Go Back” to the previous
form to select other sites or “Quit” to return to the main menu
by left-clicking the appropriate command button.

E—
—

—Sort Order
% Sark Ascending

" Sart Descending

— Export Options (Select Anyd
W Detection-Limit Qualifier
[¥ USEP& Parameter Code

V¥ Parameter Marme, Makriz, and Units

¥ sSkorm Event Dake
¥ Precipitation Yolume

¥ Skarm-Runoff Yolume

W Storm Tvpe
¥ site Mame

|7 [Data Set Mame

Quit: Return Eo Main
Menu

G0 Back: Seleck Mew
Sikels)

Figure 13.

Tab-delimited water-quality data export form for the highway-runoff database application.
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Select and Export a Water-Quality Constituent
in a Format Suitable for Use with Computer
Applications for Censored Data

The second choice on the main menu (fig. 7) allows
the user to select and export a water-quality constituent in
a comma-delimited format suitable for use with computer
applications for calculating summary statistics for data with
censored values, such as the USGS MDL program by Helsel
and others (1988). The MDL program is an enhanced version
of the original program for calculating summary statistics
for data with values below (one or) multiple detection limits
developed by the USGS (Helsel and Cohn, 1988). A version of
the program compiled for Microsoft Windows 98 MDLWIN
(Helsel and others, 1988) is available with example files
and basic documentation on the CD-ROM accompanying
this report and is available on-line (Helsel, 2004). The MDL
program uses a robust version of the ROS method and the
adjusted maximum likelihood (AML) procedure developed
by Cohn (1988) to produce estimates of the arithmetic mean,
standard deviation, median, and the 10th, 25th, 75th and 90th
percentiles of the population of data.

The highway-runoff database produces the MDL
input-file format described by Helsel and others (1988) as
“File Format 2.” This format, which is also used by other
detection-limit software, includes two comma-delimited
entries: (1) the data or reporting limit and (2) the censored
indicator for each data point. The censored indicator is
coded O for censored data (below reporting limit), and 1 for

uncensored data. Metadata about each sample (station name,
sample date, and water-quality constituent name) also are
output to the file in comma-delimited format. The MDLWIN
program can accept up to 1,000 uncensored and 1,000
censored data points, but it requires at least 5 uncensored
values to properly complete the calculations. This output-
file format also is suitable for use with other software that

is available for analysis of summary statistics for data with
censored values (L.A. DeSimone, U.S. Geological Survey,
written commun., 2005).

Once the user has selected the event type, water-quality
constituent, the data set(s), and the site(s) (fig. 8), the
application loads the Comma-Delimited Water-Quality Data
Export Form (fig. 14). As the application loads the form, it
runs a query to determine the total number of measurements,
the number of uncensored and censored measurements, and
the percentage of the data set that is censored. The application
displays this information on the form. This export form allows
the user to sort all values by EMC or to segregate by site and
then sort by EMC. If the user is exporting multiple data sets
by site, they can separate the sorted data in the database output
file into MDL input files manually by use of a text processor
such as NotePad, TextPad, or WordPad. Left-clicking the
“Export Information” command button will activate a standard
Microsoft Windows common-dialog box to allow the user
to select the destination directory and file name for the
comma-delimited data. The user may either “Go Back” to the
previous form to select other sites or “Quit” to return to the
main menu by left-clicking the appropriate command button.
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Export Comma-Delimited Data for Detection-Limit Programs

Save a File of EMC Values in a Format Suitable for
Detection-Limit Programs

This is the MDLWIN program Format For calculating summary skatistics For data with values below fone or) Multiple
Detection Limits, MOLWIMN is an enhanced wersion of the original MOL program developed at the U, 3, Geological
Survey, Departrment of the Inkerior, See: Helsel and Cohn (1938), \Water Resources Research, v, 24, p. 1997-
2004, MDLWIM is available on-line at hktp: f fess, practicalstats, com

The Farmat For each record is bwao entries per data paink, These entries are separated by a comma and describe;
1. data or reporting limit, 2. censored indicator The censored indicator is coded 0 For censored daka (below
reporting limit), and 1 for uncensored data, Metadata about each sample (skation date, sample date, and
conskituent name) also are output ko the File, but are nok read by MOLWIR,

The MOLWIN program can accepk up bo 1,000 uncensored and 1,000 censored measurements, IF the user is
exparting rmulkiple daka sets by site, they must separate the sorted data in the database output File inka MOL input

Files manually, Because MDLWIMN was one of the first available programs For processing censored environmental
data, other software For detection limits also use this Format,

Diata Cutpuk Tokal Mumber of Measurements: |2III

¥ Sork Daka by EMC Walue Mumber of Uncensored Measurements: IIS
" Segregate Data by Site Then Sort Data by EMC | Number of Censored Measurements: I2

Percentage of Censored Measurements: |1EI.

it Rekurn ko Main Go Back: Select Mew
Mernu Sitels)

Figure 14.  Export form for detection-limit programs for analysis of censored water-quality data for the highway-
runoff database application.
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Export Paired Water-Quality Data in Tab-
Delimited Format

The third choice on the main menu (fig. 7) allows the
user to export paired measurements of water-quality data in
tab-delimited format for use with the Kendall-Theil Robust
Line software (Granato, 2006). This format also is suitable
for use with other software applications such as spreadsheets,
commercial graphing packages, or statistical packages. Paired
water-quality data may be used to examine relations between
selected variables. Regression between variables may be
used to estimate water-quality variables that are unavailable
or are censored (Driscoll and others, 1990c; Thomson and
others, 1996; 1997). If quantitative regression equations are
identified, the user may estimate the values of water-quality
constituents of interest from a surrogate variable. For example,
the regression relation shown in figure 6 may be used to
estimate SSC concentrations from TSS concentrations in
highway runoff for use in calculating sediment concentrations
in receiving waters downstream from a highway outfall. Trace
metals and organic compounds are difficult and expensive
to collect, process, and analyze properly and are commonly

Export Paired YWater-Quality ¥alues

Save a Tab-Delimited File of Paired EMC Values

Explanatory Variable:

This form is used ko save a 3-column tab-delimited data set of paired Event Mean Concentration data, Methods used
ko estimate values below detection limits are commonly based on the an assumed population distribution of each
constituent as an independent variable, Research in highway and urban runoff, however, commanly indicates
quantitative relations between associated constituents such as sediments and trace mekals, PAHs, or nukrients, This
Farm may be used to save paired water-quality data in a 3-column kab-delimited Farmat For regression analysis.
Information about each sample (metadata) is saved in the third column, which is delimited by semicalons.

below detection limits in a proportion of filtered and whole-
water samples (Breault and Granato, 2003; Lopes and Dionne,
2003). Regression equations may be used to estimate these
constituents from SSC because trace metals and organic
compounds commonly are associated with sediment in
runoff and receiving waters. Finally, regression equations
may be used for stochastic data generation, especially if the
user wishes to maintain correlations between water-quality
variables (Koch and Smillie, 1986; U.S. Army Corps of
Engineers, 1993; Haan, 1994; Granato, 2006).

The paired water-quality data-file format has three
tab-delimited columns. Each column in the output text
file is identified by a header line in the first row that is the
explanation for the data in that column. The first and second
columns in the output text file include numerical data for use
in regression analysis. The third column contains metadata
about each sample in a semicolon-delimited string. The
metadata column includes an “X:” and “Y:” designation for
the first and second column, respectively. These designations
are used to identify censored values with a qualification code
(typically “<”). The metadata also includes the sample date,
the site name, and the data set name for each XY pair in the
selected data set.
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Figure 15.

Paired water-quality data output form for the highway-runoff database application.



Once the user has selected the event type(s), two water-
quality constituents, the data set(s), and the site(s) (fig. 8),
the HRDB application loads the Paired Water-Quality Data
Export Form (fig. 15). As the application loads the form, it
runs a query to determine the total number of measurements,
the number of uncensored measurements, and the number of
censored measurements for each constituent. This information
is displayed on the form. This export form has options for the
user to include or omit censored values in both the explanatory
and response-variable data columns. The default option is
to omit these values because censored values may affect the
regression equation. The option is provided so that the user
may examine what values of the explanatory variable may
be associated with censored values in the response variable.
Left-clicking the “Export Information” command button will
activate a standard Microsoft Windows common-dialog box
to allow the user to select the destination directory and file
name for this tab-delimited data. The user may left-click the
“Go Back: Select New Site(s)” command button to move to
the previous form and reselect the data-collection sites or left-
click the “Quit: Return to Main Menu” command button to
exit the paired-data export process.

Generate Statistics for Water-Quality Data

The fourth choice on the main menu (fig. 7) allows the
user to select a water-quality constituent, generate statistics
for the water-quality data, and export the results to a tab-
delimited text file. The HRDB application calculates and
outputs summary statistics of the retransformed values, the
natural logarithm of the values, and the base-10 logarithm of
the values independently. The summary statistics include the
average, standard deviation, skew, and median. The statistics
for each transformation are calculated separately because
use of theoretical relations between summary statistics for
different transformations may introduce bias in the statistical
estimates. Bias may occur because the highway-runoff
data sets for each site commonly have small sample sizes,
and the logarithms of a sample of data may have nonzero
skew coefficients (theoretically, the 95-percent confidence
interval for the skew coefficient of a sample from a normal
distribution is calculated as plus-or-minus two times the
square root of 6 divided by the number of samples). If multiple
sites are used to build a data set and the individual sites are
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not representative of one underlying lognormal distribution
(for example representing highway runoff from large urban
highways), the data may have a nonzero skew coefficient
because it is a mixed lognormal distribution. If the data set
does not include censored values, then the program calculates
summary statistics using standard methods and provides the
plotting position and lognormal Z-score of each EMC value.

If there are censored measurements and two or more
uncensored measurements, the HRDB application will
calculate summary statistics by use of the robust ROS method.
A detailed description of the statistical and numerical methods
used to calculate these summary statistics is contained in
appendix 1. The resulting statistics, plotting position, and
lognormal Z-score estimates are derived using the uncensored
data and lognormally distributed estimates for each censored
measurement. One value for each EMC measurement is
provided so that the user may estimate different percentiles,
but it should be noted that the individual censored-value
estimates should not be treated as actual measurements when
the user graphs the data or analyzes the data (Helsel, 2005).
If the percentage of censored data is greater than or equal
to 50 percent of the samples, the application will produce a
censored median estimate from the ranked data (Helsel, 2005).
A value of -9999 for any statistic indicates that there are not
enough values to calculate the statistic.

If there are EMC measurements below one or more
detection limits, the application also provides summary
statistics for the uncensored data, estimates of population
statistics by substituting the detection limit(s), one-half, one-
tenth, one-hundredth, and one-thousandth of the detection
limit(s). Substitution of zero for censored values is not
included because it is assumed that highway-runoff EMCs
commonly can be approximated by a lognormal distribution
(Driscoll, 1990c; Thomson and others, 1996; 1997; Shumway
and others, 2002). Use of statistics estimated from only
the uncensored values or simple substitution methods are
not recommended (Helsel and Hirsch, 2002; Helsel, 2005).
Statistics from these methods are provided in the output to
show the variability of estimates produced by substitution
and to provide a range of mean and median values that are
expected to bracket the true mean and median. The associated
range of estimates of the standard deviation and skew,
however, reflect the presence of detection limits rather than
variability in the population of data.



